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These general results will be applied here for the spatial mapping of water table elevations.
95
For the sake of brevity, it is not possible to present the whole underlying theory, so only 96 theoretical results that are the most relevant ones for our application will be presented 97 hereafter. The interested reader may refer to [Bogaert and Fasbender , 2007] for a detailed 98 description of the theory. where g(.) are functionals and where E ′ = (E 1 , . . . , E n ) is a vector of random errors that 106 are stochastically independent from Z. Using classical probability calculus, it is possible 107 to formulate the conditional probability density function (pdf) of the vector of interest
108
given the observed variables as
110 where f Z (.) is the a priori pdf for Z and f E (.) is the pdf of the errors E. In the context of where only Y i 's are sampled. As the final goal is to obtain a conditional pdf of Z 0 |z S , y,
Furthermore, if stochastic independence of errors E can be assumed as well as the fact 
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where Eqs. 4 and 5 are completely equivalent expressions as they are linked to each 124 other using Bayes theorem, with
so that using either distributions of errors f E i (.) or conditional distributions f (z i |y i ) pro-127 vides two possible way of incorporating different information sources.
128
As an interpretation and as a consequence of the independence hypothesis for the errors, as a conditional distribution f (z j |y j ), which leads thus to different results.
146
Finally, it is worth noting that for applications where secondary information are not 147 exhaustively known, one could of course not use f (z j |y j ) (resp. f (y j |z j )) at these locations.
148
Fortunately, the BDF framework is still sound theoretical in that case as it is sufficient 149 to remove the corresponding conditional pdf in Eq. 4 (resp. in Eq. 5 , 1999; Cressie, 1990 Cressie, , 1991 one (see e.g. [Papoulis, 1991] or [Christakos, 1990] DEM (x i ) and Z(x i ) is supposed to loosen as a location is further away from the network.
189
It is worth noting that d DEM (x i ) is computed using an empirically defined penalized to the network are easily computed. Using only this information at location x 0 in Eq. 5
anymore and the conditional pdf is then simply given by
207
tributed with a mean µ P and a variance σ 2 P that are given by (see Appendix for details)
where µ k and σ 2 k are the mean and variance of distribution f (z 0 |z S ) (i.e. the 212 ordinary kriging prediction and variance of prediction, respectively), where
E are the mean and variance of distribution 
216
Using only information at location x 0 , µ p could be considered as a relevant choice for the 217 predictor of the water table elevation at location x 0 whereas σ 2 P would be the associated
bution, µ P is at the same time the mean, the median and the mode of this distribution,
220
and µ P along with σ 2 P fully characterizes this pdf). 
Application to the Dijle basin in Belgium
The study area is situated in Central Belgium where the geology is dominated by the Quaternary age; in the north east of the study area, these deposits are more sandy loess.
230
The main river in the study area is the Dijle river and many of its tributaries cut The hydraulic conductivity of the Brussels Sands varies between 6.9 × 10 −5 m/s and 237 2.3 × 10 −4 m/s, due to the heterogeneity of the Eocene aquifer [Bronders, 1989] . The 238 calciferous parts of the aquifer have a lower conductivity than the silicified parts. with the DEM and the geometry of the river network over the area (see Figs. 1 and 2 ).
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[Insert Figures 1 and 2 about here]
Results
According to the data at hand, several options can be considered for obtaining a map 
298
A logistic-like functional g(.) was fitted from these observations, and a same logistic-like 299 equation was used to model the way the variance of E(x i ) increases with the distance to 300 the network. This choice for the function g(.) is motivated by (i) the fact that the depth is 301 expected to increase with the distance to the network and (ii) as the function g(.) reaches 302 a plateau for larger distances, it is also expected that for such distances one could only 303 estimate a mean depth. Furthermore, as the variance was also modeled as a logistic-like 304 function, the growth of this second function indicates that the information is loosing its conditional variance could be interpreted respectively as the unconditional mean depth 307 and unconditional depth variance.
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[Insert Figure 6 about here]
If we assume that Z is multivariate Gaussian distributed, the conditional pdf f (z 0 |z S )
309
is Gaussian distributed too with a mean and a variance that correspond to OK prediction 310 and variance of prediction, respectively. From Eq. 7, it is then easy to remark that in this 311 case BDF amounts to updating the OK pdf by using information about the DEM and 312 the river network as given by were well accounted for, especially in locations close to the river network, of course, as 317 the relationship between distance to network and groundwater depth is loosening up (i.e.
318
variance of error increases) as this distance increases.
319
[Insert Figure 7 about here]
In order to validate our results, cross-validation was performed using a "leave-one-out" 320 approach (see e.g. [Chilès and Delfiner , 1999] ). For comparing the respective accuracies 321 and precisions of the methods, the following indicators were chosen :
327 where e i is the estimated error at sampled location x i , with N = 135. From Table 1 information conveyed by the model as given in Fig. 8 .
336
[Insert Table 1 were left for further researches at this point.
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One of the originality of this work was also to make use of a distance to a network for 
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For the water table prediction study, it was shown that (see Eq. (7))
Assuming now that all these pdf's are Gaussian and plugging the corresponding expres-483 sions given by Eq. ( 13) into the previous equality, one obtains 
487
By direct identification between Eqs. (13) and (13), it is now easy to see that
) is also a Gaussian pdf with a mean µ P and a variance σ 2 P 489 that are given by Figure 4 . Prediction of the water table using ordinary kriging. The colormap convention is the same as in Fig. 1 . Bold lines represent the river network over the study area. 
